This study evaluated the oxidative stability of olive, sesame, and sunflower oils at different temperatures (4, 25, and 37 C) and in exposure to light for three months. Acidity, peroxide, anisidine, conjugated dienes (CD), and conjugated trienes (CT) and oil stability index (OSI) were measured to investigate the stability of the oils. For all samples, free fatty acid content was almost constant. Temperature and sunlight accelerated the oxidation specifically by an increase in peroxide value and CDs, but anisidine and CTs were not significantly influenced by these variables. The obtained results showed cold-pressed oils had a high tolerance against the formation of the oxidation secondary products. The OSIs were found to be 9.19, 7.06, and 4.73 h for sesame, sunflower, and olive oils, respectively. Among the tested oils, sesame oil had the highest stability. Generally, if storage conditions are optimized, cold-pressed oils can preserve their stability for a longer period.
Introduction
Lifestyle has deep effects on human health. Today, since people have an increasing awareness of the harms of synthetic compounds, they tend to change their diet to prevent illnesses and consume natural products due to their health benefits. For this reason, the tendency for the consumption of cold-pressed edible oils has increased. Cold-pressing is a process that does not use temperature or organic solvents for oil extraction, and purification of oil is done by settling, filtering or centrifuging free fatty acid content, peroxide value, p-anisidine value, conjugated dienes and trienes and oil stability index (OSI) were measured.
Materials and methods Materials
Fresh oils of olive, sesame, and sunflower were collected from three different regions (Golestan, Elaheyeh, and 22 Bahman) in Kermanshah province, Iran. Chemical materials with analytical grade were purchased from Merck (Darmstadt, Germany) Sample preparation The collected cold-pressed oils in 250 mL volume were stored in glass transparent bottles at 4 and 25 C temperatures in dark and in exposure to light as well as 37 C to investigate the effects of temperature and light on oil stability. A sampling of oils was done every fifteen days for three months. All tests were performed in triplicate.
Chemical parameters
Chemical parameters, including free fatty acid content (FFA) (cd 3a-63), Panisidine value (P-AnV) (cd 18-90), and peroxide value (PV) (cd 8-53) were measured according to the official methods of AOCS (1990) . Free fatty acids analysis The FFAs content was determined by adding the neutralized solvent (a mixture of isopropyl alcohol and toluene) (125 mL) to the oil sample (20 g) and titration with standard alkali in the presence of phenolphthalein as indicator (2 mL) to the first permanent pink color. The acid value (mg KOH/g of oil) was count by the following equation:
where A and B are mL of standard alkali for titration of the sample and blank (the solvent mixture), respectively. The N is the normality of standard alkali and W is the weight of the sample (g). FFAs content (% oleic acid) was calculated by dividing the acid value by 1.99.
Peroxide value
For PV, the method of acetic acid-chloroform (3:2) was used. The solvent (30 mL) was added to the oil (5 g). Then, 0.5 mL of saturated KI was added and the sample was shaken for 1min. After that, 30 mL of distilled water was added and the liberated I2 was titrated by sodium thiosulfate (0.1 N). The starch was used as an indicator. The PV (meq peroxide/kg oil) was determined as follow:
where S -volume of titrant, B -ml of titrant for blank (without oil), N -normality of sodium thiosulfate solution, and W -weight of the sample.
P-anisidine value
For measuring the anisidine value, the oil sample (0.5 g) was poured in a 25 mL volumetric flask, solved in isooctane and diluted to volume by this solvent. The absorbance of the sample was read at 350 nm with the solvent as blank. Then, 5 mL of the oil solution and 5 mL of the solvent were poured in two test tubes separately, 1 mL of anisidine reagent (0.25 g/100 ml of glacial acetic acid) was added to each test tube and after 10 min, the absorbance of the oil solution (the first test tube) was read at 350 nm with the solvent as blank (the second test tube). The anisidine value was calculated as follow:
where As -the absorbance of the oil solution after reaction with anisidine reagent, Ab -absorbance of the oil solution, and m -weight of oil (g).
Conjugated dienes and trienes determination
Conjugated dienes and trienes were determined as the extinction coefficient at 232 nm and 268 nm (IUPAC, 1987) by a spectrophotometer. For this mean, the oil samples (0.01-0.03 g) are dissolved in isooctane and diluted with that to volume in a 25 mL volumetric flask.
Oil stability index (OSI)
A Metrohm Rancimat (model 679) was used to measure the oxidative stability index of cold-pressed oils at 110 C and airflow of 20 L/h according to ISO-6886 (2006) .
Statistical analysis
Statistical analysis was performed based on a factorial design in triplicate. Data analysis was performed by one-way ANOVA, and Duncan test was applied to detect significant differences (p˂ 0.05).
Results and discussion
Free fatty acid content (FFA) Free fatty acids are the main products of oil hydrolysis. Also, they are produced from aldehydes during oxidation. The extent of FFAs of olive oil was in the range of 2.8-3.3, 2.8-3.45, and 2.8-3.71 at 4, 25, and 37 C for 90 days storage, respectively ( Figure 1a ). For all temperatures after day 15, the content of FFAs was increased but it was almost constant until day 90. Similar results were observed in the work of Ying et al. (2018) by storing some unconventional cold-pressed oils for 6 and 12 days at 60 ˚C. The acidity of olive oil at 37 C was slightly higher relative to 4 and 25 C. However, the difference between temperatures was not significant (Table 1) . Zeb et al. (2008) examined the effect of UV, temperature, sun, and white light on olive oil stability for 14 days. They observed the highest acidity in the oven (72 C) and white light samples. Acidity was in the ranges of 0.23-0.4, 0.23-0.4, and 0.23-0.46 for sesame oil and 0.18-0.3, 0.18-0.3, and 0.18-0.4 for sunflower oil at the mentioned temperatures. These amounts were lower than those of fresh cold-pressed sesame oils from Morocco (0.92), Sudan (0.49), Congo (1.8), and Nigeria (0.9) (Gharby et al., 2017) as well as fresh cold-pressed sunflower (0.72) and pumpkin oil (0.68) (Poiana et al., 2009 ) but were higher than Macadamia oil, Avocado oil, Sesame oil, and Safflower oil after 12 months storage at 20 C in 12/12h dark/light (Prescha et al., 2014) . Acidity results in sesame and sunflower oils were similar to those of olive oil. According to the obtained data, sunflower oil had the lowest FFAs content, followed by sesame and olive oil, respectively, and there were significant differences between treatments (Table 1) . Also, acidity in samples being exposed to light was the same as that of samples in darkness ( Figure  1b ). Totally, FFAs content in sesame and sunflower oils was lower than Codex Alimentarius standards (Acid value: 4.0 mg KOH/g Oil) but was higher in olive oil (Codex Alimentarius, 2001) . The higher acidity in olive oils is representative of enzymatic hydrolysis during harvesting, displacing and oil extraction (Gharby et al., 2015) . 
Peroxide value (PV)
The PV measurement is a good indicator for the evaluation of oil quality in primary oxidation stages. Increasing in PV is observed only when its formation rate is higher than its breakdown rate. Peroxide value was in the ranges of 12.13-20.93, 2.06-7.26, 4-9.93 for olive, sesame, and sunflower at 4 C, 12. 13-17.4, 2.06-6.53, 4-18.4 at 25 C in darkness, and 12.13-15.53, 2.06-9.8, and 4-42 .06 at 37 C for the mentioned oils, respectively (Figure 2a ). The results of PV for stored oils at room temperature in darkness were higher than those of sesame oil stored under 12/12 light/dark condition for 12 months (Prescha et al., 2014) , similar to sunflower oil stored for 120 days (Poiana et al., 2009) and olive oil stored for 21 months at room temperature (Gomez-Alonso et al., 2007) . For olive oil, this index was higher at 4 C and 25 C than 37 C. This is perhaps due to this fact that the destruction rate of peroxides is more than their formation rate when the temperature increases because heating makes peroxides unstable. In sesame, PV was almost in the same range at all temperatures but slightly increased after day 60 of storage at 37 C. The extent of peroxides in sunflower oil was increased with temperature, and this enhancement was significantly higher at 37 C (Table 1) . Various factors influence oil oxidation, including fatty acid composition of the oil, free fatty acids, light, temperature, type, and dose of oxygen, transition metals, peroxides, mono and diacylglycerols, pigments, thermally oxidized compounds, oil processing, and antioxidants (Choe and Min, 2006) . Greater increase in the PV of sunflower oil relative to sesame and olive oil at 37 C is attributed to higher polyunsaturated fatty acids (linoleic acid) in sunflower oil, which makes it prone to oxidation. Marmesat et al. (2009) reported more peroxide value in conventional sunflower oil (high linoleic) than high-oleic sunflower oil. In a comparison of the cold-pressed oils in darkness and in exposure to daylight, PV was purposefully enhanced in all oils exposed to light relative to samples in the darkness; 12.13-51.4, 2.06-33.13, 4-37.26 for olive, sesame and sunflower oils, respectively (Table 2 and Figure 2b) . These results were in agreement with the findings reported by Popa et al. (2017) . Also, olive oil had greater PV among oils in exposure to light. This difference is related to the green color of olive that is attributed to chlorophyll pigment. It acts as a photosensitizer and produces singlet oxygen by absorbing light energy and transforming it into triplet oxygen. Then, the formation of peroxides is accelerated. Similar results were observed by Jung et al. (2015) . They declared higher PV in soybean oil stored under light rather than soybean oil stored under thermal oxidation. Among the oils, sesame oil had the lower peroxide than the established limit by Codex Alimentarius (2001) (15 meq/kg for cold-pressed oils) at all temperatures, which indicates it has good oxidative stability because of natural antioxidants, including sesamol, sesamolin, sesamin, and tocopherols (mostly γ-tocopherol) (Gharby et al., 2017) . 
P-anisidine value (P-An V)
Anisidine value is an indicator of secondary oxidation products and measures nonvolatile aldehydes. The P-AnVs had small changes for all oils at all three temperatures and all storage periods and were in the ranges of 6-7.3, 0.26-0.8, and 2.35-3.4 at 4 C for olive, sesame, and sunflower oils, respectively (Table 1) . These values were 6-7.45, 0.26-1.45, and 2.5-3.4 at 25 C and 5.41-7.7, 0.26-0.96, and 2.5-3.4 at 37 C for the stated oils (Figure 3a) . Similar results were obtained by Prescha et al. (2014) for sesame oil regarding the oxidative stability of cold-pressed oils, but lower values were obtained by them (0.2-0.3) during 12 months of storage. Also, no significant difference was observed between the anisidine of samples in darkness and those exposed to sunlight. The AnVs for olive, sesame, and sunflower oils under light were 5.55-7.1, 0.26-1.3, and 2.7-3.4, respectively (Figure 3b ). There is very limited information about the AnV of cold-pressed oils. In general, the results showed the very low formation of secondary oxidation products in natural oils enriched in indigenes antioxidants. However, sesame oil had the lowest anisidine value among the cold-pressed oils, and their difference in this parameter was significant for storage under various conditions. Conjugated dienes (CD) and conjugated trienes (CT) Instantly after the formation of peroxides as primary oxidation products, rearrangement of non-conjugated double bonds in unsaturated lipids occurs, and conjugated compounds are formed, which absorb UV at 232 nm. The existence of polyunsaturated fatty acids containing three or more double bonds in lipids and their further adornment during oxidation resulted in the production of conjugated trienes, which absorb at 268nm (Poiana et al., 2012) . The contents of CDs and CTs during 90 days storage are shown in Figures 4 and 5 . According to Figure 4a , the amounts of CDs in olive, sesame, and sunflower oils were in the ranges of 3. 77-9.13, 1.88-6.23, and 3.85-12.58 at 4 C, 3.77-17.83, 1.88-14.4, and 3.85-18 at 25 C in darkness, and 3.77-17.91, 1.88-15.75, and 3.85-25.83 at 37 C, respectively. In line with the obtained data, the formation of conjugated dienes significantly increased with a rise in temperature and storage period (Table 1) . Similar results were observed by Gharby et al. (2016) ; Gomez-Alonso et al. (2007) ; Kiralan and Ramadan (2016) ; Lerma-Garcia et al. (2009); and Hrncirik and Fritsche (2005) .
The higher CDs in sunflower oil were due to its greater unsaturation (linoleic acid). The values of CDs in the samples exposed to sunlight were greater but not for all time periods. The amounts of CTs for olive, sesame, and sunflower oils were 0.47-3.16, 0-1.625, and 0.8-3.45 at 4 C, 0.47-2.41, 0-2.41, and 0.8-2.85 at 25 C in darkness, and 0.47-2.89, 0-1.95, and 0.8-3.08 at 37 C, respectively. The content of conjugated trienes enhanced during storage at all temperatures although this increase was not regular; however, the significant difference was not observed in various temperatures. Also, a significant difference was not found between samples in darkness and those exposed to light (Table 2) . Unfortunately, there is very limited information about the changes in CDs and CTs in cold-pressed oils under diverse storage conditions. However, increment in oxidation parameters, including CTs as a function of storage time has been reported by several researchers (Gomez-Alonso et al., 2007; Lerma-Garcia et al., 2009; Seleim et al., 2008) . In agreement with other parameters, sesame oil was the best oil. Oil stability index (OSI) The needed time for the extension of measurable rancidity in fats and oils is determined by the oil stability index, which was measured by the Rancimat system. The average and standard deviation of OSIs for olive, sesame, and sunflower oils were 7.06 ± 0.14, 9.19 ± 0.42, and 4.73 ± 0.43 h, respectively. The gained values in our study were lower than sunflower oil (7.4 h), high-oleic sunflower oil/sunflower oil (10.1 h), high oleic sunflower oil (20.1 h), and olive oil (45 h) at 100 C (Marquez-Ruiz et al., 2008) , olives (Leccino and Frantoio cvs) (18.83 and 16.61 h) at 110 C (Najafi et al., 2015) , and sesame (28.5 h) and olive (27 h) oils at 110 C (Gharby et al., 2017) , but were higher than sunflower (2.6 h) and sesame (4.2 h) oils at 120 C (Velickovska et al., 2015) . The profile of fatty acids and natural antioxidant compounds in cold-pressed oils resulted in diversity in oxidative stability (Aparicio et al., 1999) . Also, the quality of primary materials and oil extraction conditions affect its resistance. The lower OSI in sunflower oils can be related to the higher ratio of linoleic/oleic acid in these oils.
Conclusions
The results of various parameters showed that increment in temperature caused oxidation acceleration in cold-pressed oils. Also, exposure to the sunlight markedly increased the deterioration of oils, especially olive oil. Therefore, it is recommended these oils to be stored in the refrigerator or at room temperature in darkness and be kept away from exposure to light. Among the tested oils, sesame had the highest oxidative stability. Probably, we can say that oil storage conditions are optimized, these natural oils preserve their stability at least for three months, but more studies are needed to provide an accurate estimation.
